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ABSTRACT 
One steer was on a medium ( I) plane of nurrition, one on a low (II ) plane 
~nd three on a plane thn barely permitted survival (Ill ). After periods of rwo 
years or three rears, four of the steers were changed [0 full feed. All five of' [he 
steers ,' .. ere slaughtered when either three or fou r years old, and analyzed for 
water, protein, fat and ash. 
The thinnest animal contained approxim~lely 20 percent of protein and ~p­
proximately 7 percent of fat. The well fed steers contained approximately 15 per· 
cent of protein and 30 percent of fae. Data obtained in ~n earlier study were used 
to eSlimate the composition of the Calves when the investigatio:1 started, and 
again when transferred from limited to full feed. This made it possible to esti· 
mate Ihe gains in weight, and in constituentS, during underfeeding, full feeding, 
and during the entire experimental period. Estimates were made of the amounts 
of protein, total digestible nutrients, and energy, consumed by the steers. The 
ratios of digestible prOtein, total diges tible nutrients, and energy, consumed to 
the amounts stored wefe cllculatcd. 
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This bulletin reports on Depanmem of AgriCUltural 
Chemistry research p rojeCt I!)I, N uuients 
Plane of Nutrition and 
Composition of Steers 
The well known "Usc of Food Experiment" was started by Dean H. J. 
Waters in 1907 and was supervised by Moulton, Trowbridge and Haigh (i92l, 
1922 a,b). The objeCt was [0 ascertain "to what uses steers of different ages, on 
different rations, and in different conditions of fatness put their food." The steers 
were on {hrec different planes of nutricion and each steer was kept on the: same 
plane continuously. In 1914 Dean F. B. Mumford and P. F. Trowbridge began 
a new investigation on the permanency of the effects on steers of retarded growth 
but, with the exception of a few conrrols, the steers in the Retarded G rowth 
Project, after varying periods of limited feeding, were changed to full-feed. Most 
of the observations were described (Hogan, 1929) some years ago. Five of the 
original steers were shughtered and analyzed though, and rhe purpose of this 
bulledn is to report the results. These supply additional data on the relation be-
rween plane of nutrition and body wmposirion. An effort was also made to com-
pare the efficiency with which protein and energy are retained by Steers under 
conditions of limited and liberal feeding . 
THE EX PERIMEN T 
History of the Steers 
The animals were beef.type steer calves. Their initial ages were approximate-
ly 4 weeks and the initial Jive weights varied from 117 to 155 pounds. T heir 
history, in abbreviated form, is shown in Table 1. 
587 D 
580 m 
583 m 
The calves "\Io'ere Started on three different planes of nutrition, modente un-
derfeeding for Group I, severe underfeeding for Group II, and extreme under-
feeding for Group Il l . T heir phnes of nutrition (see Table 2) were below 
those in the Use of Food Experiment. There was one steer in Group I and one 
in Group II. They were started on full feed when tWO years old. They were 
slaughteted and amtlyzed one year later. One of the Group III steers was starred 
on full feed along "\Io'ith the tWO JUS t mentioned, but it was kept on full feed for 
neady twO years. A second Group III steer was started on full feed when three: 
years old and was slaughtered and analyzed 14 months later. The third GtOUp 
III steer was kept on the original plane of nutrition for 50 months, and then 
slaughtered for analysis. 
2 , 
Ft'Cd Conswned. 
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The Cllives were fed whole milk at the outset and gruluaUy chinged through 
skim milk to a grain and hay radon at approximilcly ISO days of age. The gr~in 
ration consisted of corn 60 pans, wheal bran ~o parts, and linseed oil mei1 to 
parts. Timothy hay was the first roughage offered, but was soon replaced by a 
mixture of alfalfa hay 60 parts, and oat sIn"" 40 pam. The amounts of feed, and 
of nutrients, consumed by each st~r are shown in Appendix Tables 14 and I'. 
The :amounts of digestible protein, toul digestible nutrients and nel energy con-
sumed appcu in Table 3. The faCtors used in nuking lhe Cllkubtions were laken 
from Morrison (1948). 
W eights of the Steers. 
T he data arc separated inlO the periods of limited feed and full feed 
and then the two periods :arc combined. The weights of the animals, at the 
important snges, arc shown in Table 4. As would be expected. the SteerS in 
Gtoups II and III were dec idedly underweight at the beginning of the full-feed-
ing period. 
Slaughter, P reparation of Samples. and Analys is. 
A definite routine wa$ followed on the day the Stccrs were slaughtered. The: 
animals were watered thaI morning but not fed. li fter slaughtering, the carcasses 
wcre chilled and rhen CUt into the wholeule cutS, which were separated infO 
lean, fat and bone. 
The offal pam, as is shown in Appendix Tables 16 and 17, were renincd, 
and all parts of the Cllrcass were finely ground and analyzed for moisture, nitro-
gen, fat and ash. Moulton 11111. (1922 b) described in dewl the prepantion of 
the samples :.lnd the methods of analysis. The publiC:.ltion of Hogan (1929) 
should be consulted for :.ldditional details. The first objective was 10 obtain ad-
ditional data on the relation between plane of nutrition :.lnd body composition. 
Analyses of the st~rs arc shown in Table ,. 
The percentages of constituents in the carcass p:.1!tS arc based on the weights 
after Ihe S2mples had been prepared for analysis. If the pcrccnnges are added lhe 
sum is u.sually ncar 100, but there arc some exceptions. The smallest total vns 
9'.7, the largesf was 104.2. During the process of S:.lmple prep1r.ltion there was 
1 loss of water, For that reason the percentages of the constituents in the total 
animal arc based on the empty weight. T he percentages of water are ldjusted so 
that the tota l is exactly 100. 
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TABLE .--eo,,,,, 
161.11 
Skeleton 17 5.~ 
Hair, Hide, Horns, 
Hoofl , Dew Claws 93.4 
Remainder 267.7 
Total Animal 1326 
843.4 
141. '5 
""lr , Hide, Horns, 
Hools, Dew Claws 89 .3 
Remainder 199.6 
Total Animal no< 
sse .' 
Skeleton 146.0 
Hair. Hide , Horns, 
Hoofs, Dew Claws 88.8 
Remainder 215.0 
Total Animal 1128 
537 .5 
Skeleton 142 .1 
Ha ir , Hide, Horns , 
Hoofs, Dew Claws 81.8 
Remainder 182.8 
Total Animal 
'" 
187 .... 
100. 1 
37.8 
81.4 
Total An imal ." 
Lba. 
520 Total Animal J 1326 
587 Total Animal D no< 
580 Total Animal ill 
'" 583 Total Animal Dl 1128 
586 Total Animal ill 433 
49.9 
3'5.3 
60.6 
45.8 
49.2 
5l.7 
35.9 
62.2 
52.3 
52.3 
48.9 
34.7 
62.3 
49.2 
51.1 
49.S 
31.0 
80.0 
52.2 
"'9. 6 
73.0 
"'0.2 
65.1 
77.4 
68.6 
Lba. 
'" 
'" ... 
'" 29' 
OF THE EMPTY 
14 .3 34.11 0.70 0. 13 
20.9 18.5 23.8 4.31 
34.8 .. , LO< 0." 
10.0 43.3 0.54 0.000 
15. 4 31.7 
'" 
0.66 
14.5 33.0 0.71 0.12 
20.7 16.9 24.3 4.49 
32.1 
••• 
l.07 0.054 
10.3 36.3 0.64 0.086 
n.s 28.5 3.' 0.67 
11.2 3tU 0.64 0.12 
20.1 18.3 25.2 4.53 
33. 1 '.3 0.81 0.085 
10.8 39. 4 0.'59 0.11 
13.8 31.3 3.' 0.68 
14.8 3'5.8 0.64 0. 14 
20.0 19.7 25.01 4.47 
3'5.2 ,., 1.26 0.066 
11.6 35.0 0.61 0.089 
16.2 30.0 .. , 0.75 
18.6 3.6 0.93 0. 16 
22.4 11.9 23.52 4.19 
36.0 0." 1.16 0.Q76 
12 .1 ' .3 0.79 0.090 
18.7 ... .., 1.06 
Lba. Lb •. Llls. Oll. 
2G4.8 420.2 49.5 
••• 171. 5 314.3 ... 1.2 , .. 
156 .9 290.9 41.1 '.3 
155.2 352.9 43.0 ,., 
80.8 27.8 26.4 4.' 
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The St~rs rhat had been full-fed for varying periods contained :lpproximatc-
Iy n percent protein and 30 percent flu. Steer '86, which had been underfed 
continuously, contained 20 percent protein and less thm 7 percent fat. 
As will be exphined lacer, an e/fon was rru.de to compare rhe utilization of 
feed when underfed and when full -fed ; this made it necess1ry to (sri mace the 
composition of the animals when the invescigation started and again when they 
went on full feed. 
An:.tlysis at Beginning of Experimeot:ll Period (Estimate) . 
The centrols used to estimate the composition of the animals at the start 
were calves of the same weight range, described by Moulton it al. (1922 b, pp. 
82-84.). Twency CliVe!> were used to estim:nc the average empty weight as a per-
centage of the live weight, and 17 of these were used (0 estimate the average 
percentage composition of this empty weight. This made it possible to estimate 
the approximate qU:lntiry of eonstituents in the bodies of the Retarded Growth 
C:llves when the investigation starred. The live weights and estim:lted empry 
weights ate shown in Table 4. Various other assumptions :lnd c:licubtions :lte 
described in Table 6. 
520, 587 
580, 583 
'86 70.56 19.75 5.00 4 .73 Lb,_ Lb,_ Lb._ Lb._ 
520 103.72 29.03 7.35 6.95 
587 79.73 22.32 5.65 5.34 
580 100.20 28.05 7.10 6.12 
583 76.91 21. 53 5.45 5.16 
'86 102.31 28.64 7.25 6.86 
Analysis When Changed to Full Feed (Estimate). 
(a) Fr;r sifers in Grr;ups I and II: As indicated previously, these steers were 
on about the same planes of nutrition as Groups 2 and 3 of the Use of Food 
Experiment. Use of Food steets, which seemed most suitable for the purpose, 
were therefore used to estimate the empry weights and the composition of cwo 
of the Ret1l.rded Growth steers, at the time they were started on full· feed. For 
example, by the method of least sguares it was estimated that at the minimum 
live weight in Group I the empty weight was (a) S~.3~ percent of the live 
weight. With. each increase in weight of 1 pound, the percentage of empty weight 
increased by (I:» 0.001 percent, tOO small a guanriry to be of ~ny conSC<:Juence. In 
a similar manner, the minimum percentages of water, protein, fat, and ash in 
the empty weight were calculated and then the changes in these percentages per 
pound of gain in live weight. The formulae used in calculating the empty 
weights and weights of the constituents are shown in Table 7. The resuitS of the 
various computations are shown in Table S. 
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CALCULATE THE 
~j~::~~w~elght. (W) Live Weight. 
~ percentaee of empty weight In live weight. 
';;,,, Inc r ease in pero::: entage of empty welllht per lb. Increase In live we ill!>\. 
:: 520, Group I, a .. 85.35 b " 0.00099 
Steer 587, Group II, a .. 84.53 b .. 0.0022 
Ew .. W(a .. bW) 
Welllht of Protein 
(p) Pounds of protein. 
(a) Maximum or minimum percentage of prote in In empty weight. 
(b) Decrease In percentage of prote in per lb. Increase In empty weight. 
Group I a .. \ 9.25 b .. -0.00 107 
P .. Ew(a - bEw) 
Group n a .. 19.32 b .. 0.00064 
P .. Ew(a ... bEw) 
Welllht of Fat 
(f) Pounds of fat. 
(a ) Mlnlmtlm percentage of fat In empty weight. 
(b) Increase In percenu.ge of fat per lb. Increase In empty weight. 
Group I a .. 8.1 4 b .. 0.0117 
Group n a .. 5.08 b .. 0.01095 
F .. Ew(a • bEw) 
Weleht of Water 
(M) Pounds of water. 
(a ) Maldmum percentaie of water In empty welih! . 
(b) Decrease in per centaie of water per lb. Inc rease In empty welSh! . 
Group I a. .. 87. 14 b .. -0.01021 
Group n a .. 70.84 b " _0.0126 
M .. Ew(a - bEw) 
Welsht of Ash 
(A) PoundS of ash. 
(a ) Minimum percentage of ash in emply welSht. 
(b) Inc rease in pe ro:::entase of ash per lb. Increue 
Group 1 a .. 4.64 
Group II a .. 4.47 
A .. Ew(a • bEw) 
In live welSht. 
b .. 0.00316 
b .. 0.00089 
TA8LE 8--COMPOSITION OF EMPTY WEIGHT WHEN CHANGED TO 
Steer EmptY 
FULL-FEED, BY COMPU.TATION 
N • • Weight Water Protein F" $ % $ % 52' 85.88 80.63 18. 58 15.56 
'" 
85.48 85. 17 18.80 '.83 
580, 583 88.12 85. 54 20.00 '.81 
Lbo. "' .. Lbt. "' .. 520 .34 384.4 177.8 98.7 
'" 
43. 282.8 85.1 42.7 
580 .,. 287.7 87.8 30.2 
'" 
322 211.0 64.4 22.1 
.ob 
% 
6.M 
4.86 
8.42 
Lbt . 
30.7 
21.1 
28.2 
20.7 
, 
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(h) For Jlttr! in Group Ill: The fim (uk W1.S to estimate the empty weights 
o f these: SteeTS at the time they were changed TO full feed. It was observed mH 
the percenfllges of empty weights in Groups 2 :and 3 of the Use of Food Proj. 
ect were about the S:l.me, though there was a tcockney for them co be 1I little 
higher in the steers th:u consumed the least feed and gained Ihe slowest. It 
seemed, then, thac the slowest growing steer, No. ~24, in Group 3, Use of Food, 
would be: a Slltisfactory control for the Group III, Reruded GrOwth Steers. The 
percenllgc of empt), weight of Steer n4, 88.2, W:.l.S one of the highest in his 
group; it was assumed that st~ ~80 md 583, when they went on full-feed, had 
about the same percenrage of cmpcy weight as steer ~24 when he WlS sl:aughter-
ed. A survey of :aU the data shows rhar at the worst this assumption could nor 
cause lI. large error. 
Another difficulty w:as in esdm:ating the percentage composition of Sreers 
~80 and '83 of Group III ar the time they went on full feed . Although there 
were no Use of Food Steers on a simihr plane of nutrition they wen~ helpful in 
deciding what composition J>Cfeent:ages should be applied to steers ,SO and ,83 
at the intermediate stage. Thus it was observed th:at in the Use of Food Steers, 
Groups 2 and 3 had about (he same percentages of protein; as rhe sreers became 
older :md heavier, thert was a tendency for the percentages to decline. 
In conUUt, thert was a definire rise in the percentage of fat :as the Steers be· 
ame heavier :and it was evident that these £itt percentages wert unaccept:able for 
application to Stccrs 'SO and '83. It was assumed, therefore, th:lt these steers had 
:abour the same percentage composition when they wenr on full feed as did steer 
,86 when he was slaughtered. Since the percentage of &.t normally increases with 
age, steers 'SO and '83 probably contained less than 6.4 percent of fat, but ir 
seems impossible that the percentage could have been much less. The estim:ates 
for these t""'O steers were the least reliable, but it w:as fclt th:at for ow purpose: 
the errors ",,'ere tOO small to be of :any consequence. Thus :a comparison with the 
publication of Moulton tt ai. (1922 b) shows that the error in percentage of 
prorein could not be large. It is also evident that the error in percentage of f1t 
is :at mOSt a small part of [he row weight. Th~ estilTUteS are shown in Table 8. 
Retention of Nutrients on Different P lanes of N utrition. 
The second objective of this study was to compare the efficiency with which 
nutrients are retained by steers on diffe~nt planes of nucrition. All five of the 
Retuded Growth SteerS were started on low planes of nutrition, severe or quite 
mild. Four of them, however, were changed to full·feed at least a year before 
slaughter. These could be used to c:akulare whether any feed w:a.s saved by limit-
ing [he feed intake during most of the growth period. It would also be desinble 
ro h:ave these estimatcs made separately for the periods of Iimited·feed :and full-
feed. The g:.Jins in weight, in nutrients :and in energy fo r the separare periods, 
and for the combined periods. ue shown in T:able 9. The corresponding :1vcragc 
daily g:ains :arc: shown in Table 10. 
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Growing Period 
3" ,"0 580 88.8 91. 3 62' 
58' 712 '86 62 .8 37.0 322 
580 1080 34' 59 .7 23.1 234 3" 720 24' 42.9 16.7 182 3" 1525 431 52.2 20.5 223 
Fattening P eriod 
3" 400 686 87.0 321.5 1610 sa, 409 714 86.4 271.6 1394 
sao 443 582 69.1 260.7 1302 3" 684 676 90.8 330.8 1660 
Combined Experimental Period 
520 1100 1266 175.6 412.8 2233 
58' 1121 1100 149.2 308.6 1716 
580 1525 928 128.8 283.8 1556 3" 1404 1124 133.7 347.4 1842 
Growing Perlod 
1 520 0.83 0. 127 0. 130 0.89 
II 587 0.54 0.088 0 .052 0.45 
m 580 0.32 0.055 0.02 1 0.24 
m 583 0.34 0.059 0.023 0.25 
III 586 0.23 0.034 0.013 0.15 
Fatlenlng Period 
1520 1.72 0.218 0.800 4.03 
II 587 1.75 0.2 11 0.664 3.41 
III 580 1.31 0. 155 0.586 2.93 
III 583 1.28 0.133 0.484 2.43 
Combined Experimental Period 
I 520 1.06 0.160 0.315 2.03 
II 587 0.98 0.133 0.275 1.53 
III 580 0.61 0.064 0.186 1.02 
m 583 0.60 0.061 0.247 1.31 
The lverage dai ly gain in live weight br steer '20, Group l , during the 
period of limited feed, was 0.83 pounds, somewhat slower than hld b~n phm. 
ned. The lvenge daily gains of the others did nor vary much from the originll 
schedule. As would be expeeted, the ute of gl in in nutrients WlS highest in 
Group I, intermedilte in Group II, lnd lowest in Group III. During l period of 
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1~2~ days, st~er ~S6 gained approximately 21 pounds of fa~. !his poi~t will ~ 
mentioned lIgain, but (his would seem to be about [he minimum galO that 15 
compuiblc with survival. All of these Steers were tWO years of age, or older, 
when changed to full· fttd. Ordinarily, the gain in protein after that age would 
be much less than it had been before, but the rctudcd growth siccrs were excep-
tions. In each case rheir daily gains in protcin on full feed were much larger 
than thc), had ~cn on sc:amy feed. It is evident tha t in these steers the growing 
period had b~n ex [cnded. . 
The r:nios of digestible nutrients consumed to nutrknts STOred, on d!lfcrcm 
pilnes of nUlririon, arc,of special imcrcsc. T h(St appear in Table II. 
TABLE NUTRIENTS CONSUMED AND STORED BY STEERS 
Period or Underfeeding 
I 520 
'" '" 
,., 15.7 ••• n 587 " 9 50'! '. I 21.0 9.2 
m 580 1I09 
'" 
9.1 34.7 11.7 
m 583 ,., 
'" 
, .. 27.5 9.' 
ill 586 1525 59' 16.2 62.6 20.9 
Perlod of Full-Feeding 
I520 113t 
." 9.9 , .. 3.3 n 587 IU8 II4 , .. 6.6 2.9 
m 580 1553 59' 9. ' '.1 3.1 
m 583 1428 
." 11 .1 ••• 3.' 
Total P er lod 
1 520 1131 
"" ••• 
9.' '.3 
n 587 1148 lIOO , .  9.1 3.9 
ill 580 1553 ". 9.3 11.1 ' .5 ill 583 1428 1124 9.9 10.2 ' .2 
Most of the differences berween the steers in the ClItio of protein consumed 
to protein retained, were small. T he amount of digestible protein consumed pet 
pound vin in protein was never less than 7 pounds. With one exception, it wu 
never much more than 11 pounds. Steer ~86 was underfed continuously for over 
4 years and he consumed Over 16 lbs. of digestible protein per lb . of protein reo 
tained. 
In calculating the tOral d igestible nutrients rerained, the quantity of fat Stor· 
ed was multiplied by 2.2~ and added to the amOUnt of protein stored.. It will be 
noted that with the decre2se in the ·amount of total digestible nutrients con. 
sumed there was a rise in the amount required per unit rerained. The heat in. 
crement of hay and nnw is high and the ratio of digestible nutrients consumed 
to nutrients stored is correspondingly high. The gross energy of the nutrients 
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Stored W2S ~ Iso calculated. According 10 Armsby (1917), the gross energy value 
of protein is '.7 cals. per gram and of fat 9.5 cals. per gnm. As rhe ncr energy 
consumed incrmes, rhe urio of enetgy consumed to energy retained decra.scs. 
During the period of limited feed the ratio was 6.6:1 for Group I, 8.2:1 for 
Group II, and approximately 10: 1 for Group III. Steer 586 was underfed the mOSI 
severely and for the longest period and in this case the ratio W2S 18.9:1. During 
the full-feed stage the ratio varied from 2.8:1 to 3.6: 1. There was no ready expla. 
nat ion for these differences ~nd prC5um~bl}' they were without significance. Ex· 
pressed in another way, the percentage of energy ret:J.ined is directly proportional 
to the amount consumed. It is nor economical in nut rients, however, to limit 
the feed int:lke fo t any lengthy period before allowing a liberal inrake. 
Similar calculations on the Usc of Food steers can be nude without grelt dif· 
ficulf}' from the data published by Moulton tt 41. (1921,1922 b). These steers 
were held on {hrtt differen t planes of nutri tion and steers on one plane were 
not changed to another. The flIdos of prOtein and energy store<! by these ani· 
mals to the amounts rer~incd arc shown in Table 12. 
TABLE :;,;:~ NUTRIENTS ~~~~~~ AND STORED BY STEERS 
1 1255 
'''' 
11 .3 7.' 3.S 
(1025-1433) (1632-1956) 7.7-13.2 6.9- 8.2 3.1- 3.7 
, 1185 1085 '. 1 15.1 '.S ( 798_1423) ( 864 _1 250) 8.0_10.7 12.7-19.0 5.4.- 8.0 
3 1213 "7 ••• 20.2 ••• ( 800-14.59) ( 695-10$2) 6. 5- 9.5 16.4_24. .11 6.9-10.2 
The percentage of protein in the rations was the same for the Usc of Food 
and Reta.rded Growth Projects and presumabll' it was was tefu ll)' high. This 
means the retention was low md it is impossible from these data 10 decide which 
method of feeding gives the mOSt efficient utiliz:uion of nitrogen. During the: 
period of rcfttding, the Retarded Growth stccrs were highly efficienr in rhe 
re tention of net energy. The energy retention of the Usc of Food steers was Ihe 
highest though, when the calculaTions include the eorire experimental period. 
A libeflll rarion during rcfttding will not compensate for a previous period of 
serious underfeeding. The retenrion of energy consfllntiy becomes more efficient 
as Ihe energy intake increllses. 
Relation of Body Composition to Survival. 
A question of some significance is: On how Iowa plane of nutrition can a 
calf survive? Expressed in another way: What is the minimum percentage of lit 
in the body that is compatible with survival? In ail , rhere were nine CAlves that 
h~d some bearing on the question (sec Table H). 
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TABLE 13--PLANE OF NUTRITION OF CALVES AND SURVIVAL 
Age at 
Steer Close of 
581 
582 
583 
580 
'" 
'" 58'
m 
585 
95 
100 
'" 1124 
>3 00 
"" 1556 
2182 
3297 
0.25 
0.25 
0.34 
0.32 
0.24 
0.22 
0.28 
0.33 
0.32 
Died. 
Died. 
Changed to full-feed. 
Changed to full-feed. 
Changed to full-feed. 
Changed to full - feed. 
Slaughtered for analysis. 
DI6Conttnued. 
Dted. 
Two of rh: animals died when about three monrhs old and one when over 
nine years old, but one could not be certain thar any of the dearhs were due 
directly to m.rvation. Steer '86 made an average daily gain of 0.28 pounds pa 
day over a period of about 4 years. When slaughtered, it contained 6.4 percent 
of fae. Steers 572 and '74 gained 0.25 pound daily in weight but were nor an. 
alyzed. A newborn c:...lf contains approxim:Hely 3.' percenr of far and it is com-
monly assumed thac in order for the anim:al to survive, this amount must in-
crease slightly. 
Afrer the first several months, then, the minimum perCentage of fat in the 
body is probably nOt much under 7. It will be noted thac steer '86 gained only 
20 pounds of fat, :approximately, in a period of 1'25 days, 1n am:.lzing adaptation 
to prolonged underfeeding. It is known, though, that if a steer begins on a tel1. 
tive/y high pl2ne of nutrition that it em survive until its f.l.t content has fallen 
to a decidedly low level., Trowbridge, Moulton and Haigh (1918) began with a 
steer calf which weighed 664 pounds when less than 11 months old. It was then 
given a sub·maintenance ration and in 327 days it lost 204 pounds in live weight. 
It was then slaughtered for analysis and found to contain 2.2 percent of fat. It is 
OUf view, however, that a newborn calf could nOt survive more than :a few 
months jf it was supplied with such a sm:...ll amount of food that the percentage: 
of fat in its body continually declined. 
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APPEN DIX 
Steer 520 
1 157.0 3.' l Z9.6 
2 170.6 11.5 11 .0 462. 0 
3 186.6 47.5 49.5 582.0 
• 237 .2 81. 0 69.8 
600.0 
, 286.8 110.5 101.5 600.0 
6 339 .8 140.0 120.0 620.0 
, 403.8 \50.0 120.0 210.0 
6 416.4 150.0 120.0 
9 441.0 150.0 120.0 
10 457.2 150.0 120.0 
11 462.2 150.0 120.0 
12 4n.8 150.0 120.0 
13 498.2 150.0 120.0 
14 507.2 147.5 125.0 
" 
522.0 150.0 150.0 
16 530.0 167.5 150.0 
" 
545.8 180.0 150.0 
" 
584.8 180.0 150.0 
19 604.0 160.0 158.0 
20 623.2 180.0 185.0 
21 652.6 180.0 210.0 
22 666.0 180.0 210.0 
23 686.8 180.0 210.0 
2. 705.6 185.5 210.0 
" 
737.4 222.0 210.0 
26 174.4 240.0 210.0 
" 
819.6 240.0 204.0 
26 850A 546.0 167.5 
29 923.6 516.5 214.0 
30 1039.6 579.5 2 11 .0 
31 1120.8 571 .5 182.0 
32 1176.8 570.0 165.0 
33 1209.4 570.0 166.0 
34 1216.8 593.0 180.0 
" 
1341.2 ~1.0 186.0 
" 
1361.4 386.0 200.0 
" 
1408 .. 8 458.0 189.0 
" 
1434.6 160.0 61.0 
1443.0 
Tota ls 9546.5 5648.8 3203.6 
Weight at 
Slaughter 1423 .0 
Steer 587 
1 12 1. 0 2.6 171.3 
2 121.0 6.6 14 .0 336.5 , 130.2 35.5 40.5 354.3 
• 141 .6 61.0 59.5 274.4 , 177.0 74.0 71.0 385.7 
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6 215.8 88.5 90.0 392.0 
7 252 .8 90.0 103.0 122.7 
6 275 .0 90.0 120.0 
9 303.0 90.0 120.0 
10 317 .0 90.0 103.0 
II 323.0 86.0 90.0 
12 341.4 75.0 90.0 
13 357.2 75.0 90.0 
l4 364.6 72.5 88.0 
I' 363.8 75.0 112.0 
16 374..8 73.8 155.0 
17 380.4 83.3 173.5 
I' 4.02.2 82.5 165.0 
19 407 .2 84.5 170.5 
20 41 4. .4 88.5 Hi6.5 
21 421.2 90.0 165.5 
22 429.2 90.0 165.0 
23 448.6 90.0 191 .0 
24 474.4 97.0 195.0 
2S 507.2 132.5 180.0 
26 534.8 132.0 180.0 
" 
575.2 150.0 180.0 
28 609.6 256.8 180.0 
29 684.4 4.14.0 202.5 
30 796.2 457.0 200.0 
31 879.6 479.5 130.0 
32 929.2 430.5 129.0 
33 962.0 396.0 188.5 
" 
1025.6 312.5 IS6.0 
35 1058.0 353.5 197 .5 
36 1112.0 329.0 197 .5 
37 1158.0 385.5 180.0 
38 1121.4 226.6 126.0 
1228.0 
Totals 624.3.3 5197.6 2036.9 
Weight at 
Slaughter 1221 
Steer 583 
I 117 .0 4.7 259.6 
2 115.8 13.5 287.6 
3 108.5 5.0 48.0 297.0 
• 123.0 15.0 60.0 289.6 5 137.6 18.5 90.0 291.3 
6 154..8 22.5 90.0 24.1.3 
7 168.8 22.5 110.0 99.0 
9 173.6 22. 5 120.0 
9 188.4 22.5 120.0 
10 192.4 22.5 120.0 
II 190.4 22.5 120.0 
I' 213 .8 22.0 120.0 
13 21 5.4 22.5 120.0 
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14 227.S 19.5 127.0 
" 
236.4 18.5 150.0 
16 243.8 29.0 150.0 
" 
256.8 25.5 169.0 
18 272.6 15.0 180.0 
19 275.2 27.0 180.0 
" 
288.0 45.0 180.0 
" 
303.4 45.0 180.0 
22 319.8 45.0 180.0 
23 336.8 34.5 180.0 
2. 350.0 37.0 180.0 
" 
365.4 67.4 173.0 
26 380.6 130.9 180.5 
" 
420.8 165.0 180.0 
28 484.8 263.0 180.0 
29 569.2 246.5 286.5 
30 642.6 210.5 321.5 
31 664.8 164.5 274.0 
32 711.2 190. 5 270.0 
J3 744.4 246.5 270.5 
34 794.8 255.0 285.0 
35 646.4 262.0 285.0 
36 896.4 288.5 288.5 
37 951.6 92. 5 234.0 
38 93004 139.5 247 .5 
39 915.8 279.0 243.5 
40 983.0 331.0 265.5 
41 1044.5 411 .5 270.0 
.2 1103.2 406.0 270.0 
.3 1164.0 394.0 269.5 
.. 1187.S 291.0 278.0 
45 1195.6 289.5 285.0 
46 1197.8 206.5 28-4.5 
47 1227.4 206.5 218.5 
1253.0 
Tolals 6098 .3 8852.7 1767.4 
Weight at 
Slaughter 1241.0 
Steer 586 
1 154.6 5.7 248.5 
2 161.-4 13.5 297.5 
3 163.4 59.5 298.0 
• 189.8 88.0 300.0 5 204.6 118.0 300.0 
6 227.0 120.0 300.0 
7 245.0 140.0 100.0 
• 231.8 150.0 9 231.4 178.0 
10 236.0 180.0 
11 230.2 1'10.0 
12 249.8 150.0 
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13 245.5 150.0 
14 247.8 155.0 
15 25504 3.' 178.5 
16 258.8 27.8 180.0 
17 280.6 25.5 190.0 
I' 294.6 15.0 195.0 
19 29704 27.5 195.0 
20 305.8 45.0 195.0 
'I 32 1. 0 45.0 195.0 
" 
328.0 45.0 195.0 
" 
35 1.4 34.0 184.0 
24 35604 30.0 180.0 
25 369.0 29.0 180.0 
" 
370.6 17.0 180.0 
27 372.6 32.9 180.0 
" 
375.6 4 5.0 180.0 
" 
395.8 45.0 180.0 
30 411.0 45.0 187.5 
31 407.2 4"5.0 201.0 
" 
412.0 59.8 156.0 
33 440.6 65.5 17 5.5 
34 409.0 80.5 225.0 
35 435.0 60.0 224.5 
36 459.2 53.5 225.0 
37 468.8 37.5 225.0 
38 487.0 30.0 225.0 
39 485.4 43.5 225.0 
40 489.2 45.0 225.0 
41 496.8 67.5 225.0 
42 527.4 81.5 234.0 
43 524.8 66.0 240.0 
44 537.2 72.0 240.0 
45 532 04 82.5 240.0 
46 548.8 64.5 240.0 
47 572.8 35.0 240.0 
48 561.2 36.0 236.0 
49 562.6 3.5 266 .5 
50 601.0 207.0 
51 570.0 221.0 
Totals 1~1.2 9349.2 1644.0 
WeIght at 
Slaughter 586 Ibs. 
Steer 580 
I 152.2 7.0 248.5 , 15004 14.0 297.5 
3 145.6 59 .5 300.0 
4 171.4 90.0 300.0 
5 186.4 118.0 300.0 
6 206.0 120.0 290.0 
7 2.19.0 140.0 100.0 
• 213.8 150.0 
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, 217.8 150.0 
10 218.2 150.0 
" 
215.6 150.0 
" 
241.6 150.0 
13 235.2 150.0 
.. 232.8 160.0 
" 
239.8 3.75 180.0 
16 249.0 27. 75 184.0 
17 269.8 25.5 196.0 
.. 278.4 17.5 180.0 
" 
280.8 34.5 180.0 
20 292.2 45.0 180.0 
" 
298.4 45.0 180.0 
22 312.0 45.0 180.0 
23 330.8 34.0 180.0 
" 
341.4 30.0 180.0 
" 
353.8 30.0 180.0 
26 364 .8 30.0 180.0 
" 
366.8 30.0 197.3 
26 384.0 30.0 210.0 
" 
404 .2 30.0 210,0 
30 414. 6 37. 5 207.5 
" 
421. 8 4. 5.0 201.0 
32 421.2 50.0 211 .5 
33 431.8 75.0 225.0 ,. 44S.0 641.5 218.5 
3S 468.6 55.5 210.0 
" 
482.0 38. 5 210.0 
" 
498.0 80.0 228.5 
38 533.4 228. 5 24 5.5 
" 
597 .4 287.0 243.0 
.. 680.4 323.0 265.5 
" 
763.4 373.5 259 .5 
42 845.0 423.0 242.5 
43 935.0 428.5 232.0 
" 
952.4 220.0 19 1.0 
.. 901.4 122.5 169.5 
.. 880. 2 199.5 180.0 
., 922.6 234.0 181.0 
.. 984.6 2$0.0 184;.0 
49 1002 .2 288.5 180.0 
" 
10«.4 331.0 169.0 
51 1054.6 340.0 120.0 
Total. 4;953.0 8980.3 1836.0 
Weight at 
Slaughter 1080 Ibs. 
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Ste er 520 
1 U '.9 ,., 1.1 1.0 
• 18.9 17.8 33.9 4. 1 4.' 
• 32.1 24.6 76.5 18.0 9.' 
• 39.5 27.1 105.6 26.2 11.9 
• 48.9 29. 1 135.8 37 .7 15.2 , 53.6 31. 5 161.9 45.0 17.6 , 40.6 16.7 147.9 45.5 15.1 
8 33.3 9.0 137.8 45.5 13.6 
9 33.3 9.0 137.6 45.5 13.8 
10 33.3 9.0 137.6 45.5 13.6 
II 33.3 9.0 137 .6 45.5 13 .6 
12 33.3 9.0 137.6 45.5 13.6 
13 33.3 9.0 137.6 45.5 13.6 
.. 33.5 8.9 138.0 47.0 13.9 
.. 36.4 9.8 149.1 55.0 15.8 
16 38.8 10.3 159.8 55.9 16.4 
" 
40.6 10.9 187.4 58 .5 16.8 
16 40.6 10.9 187.4 56.5 16.8 
19 41.4 11. 0 170.5 59.0 17. 4 
20 44.3 11.6 180.9 67.6 19.4 
21 46.9 12. 1 190.5 75.6 21.2 
22 46.9 12. 1 190.5 75.6 21.2 
23 46.9 12 .1 190.5 75.6 21.2 ,. 47.15 12.4 193.8 75.8 21.4 
Growth Per iod 900.0 327.2 3393.2 1150.4 357.4 
" 
52.7 13.9 116.1 71.6 22.5 
26 SU 14. 7 227.1 78.5 23.1 
" 
54.5 14. 8 224.8 76.8 22.6 
26 93. 1 27.0 39B.8 80.1 29.5 
29 93.6 26.7 397.4 93 .3 32.0 
30 102.0 29.3 434.7 95.5 33.7 
31 97.8 28.4 41B .7 85.6 31.3 
" 
95.9 27.9 411.3 80.4 30.0 
" 
96.0 28.0 411 .7 80.7 30.1 ,. 100.6 29.2 431.1 86.3 31.8 
" 
94. 1 27.6 401.15 85.6 30.7 
" 
74.2 20.8 312.4 82.5 26.9 
" 
83.0 23.6 352. 1 82.5 28.3 
38 28.5 8.' 121.1 27.2 8.' 
Fattenlnl P eriod 1120.9 319.8 4758.9 1112.5 382.1 
Grand Total 202Q.9 647.0 8152.0 2262.9 139.4 
Steer 587 
1 
••• 
'.4 9.4 .8 1.3 
• 14. 1 13.0 26.0 4.8 
.. , 
• 21.15 15.5 54.6 14.6 
,., 
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• 22.2 13 .6 85.8 15.5 6.6 
• 31.2 18.9 91.3 28.2 10.3 6 35.4 20.2 107.8 32.9 12 .2 
, 27.5 10.8 100.5 37 .1 11.3 
6 25.0 6.' 101.0 42 .6 11.7 
9 25.0 6. ' 101.0 "2 .6 11.7 
" 
23.2 6.0 94.5 37.1 10.5 
11 21.3 '.8 87.0 n.8 9.' 
12 19.8 '.1 80.3 32.3 9.0 
13 19.8 '. 1 80.3 32 .2 9.0 
14 19.2 '.0 78.0 31.5 6.6 
15 22.1 '.8 88.8 39,3 10.7 
16 26.5 6.' 104 .5 52.9 13.8 
" 
29.7 ,., 117 .4 59.2 15. 5 
16 28.7 U 113.7 56.S 14.9 
19 29.5 ,., 11 8.8 58.2 15.3 
" 
29.7 ,., 117.9 57.3 15. 1 
" 
29. 8 ,., 118.4 57.0 15.1 
22 29.8 ,., 118.2 56.9 15.1 
" 
32.S ,.. 128.2 65.1 17.0 
.. 33.9 6.' 134.0 66.7 17 .5 
Growth P e r iod 803.7 209. 0 2235.3 952 .1 272.2 
25 37.2 9. ' 149 .9 63.7 17 .5 
" 
:n.1 9.' 149.8 63.7 17 .5 
" 
39.6 10.2 1110.8 64.8 18.1 
26 54.' 14.8 225.8 69.8 2l.4 
" 
78.3 22.0 330.4 84.6 27.9 
30 84.0 23.8 355.7 86.0 29. 1 
31 79.7 23 .3 342 .6 6'" 24.6 
32 72.9 21.2 312.3 62 .1 23.0 
33 74.3 20.9 313 .9 79 .2 26.3 
.. 82.6 11 .3 282 .1 74.4 23. 6 
" 
59.5 19.3 291.6 80.1 25.7 
36 66.1 18.2 276.6 78.9 24.9 
" 
72.0 20.3 304.4 76.1 25.4 
" 
44. 5 12 .4 186.7 51.1 16.4 
Fattenlng Perlod 872.0 242 .7 3662 .4 999.0 321.3 
Grand Total 1475.7 451.7 5897 .6 1951.1 593.5 
Steer 583 
1 9.6 9.' 14.5 1.0 2.2 
2 11.S 10.9 19.3 
••• 
3.0 
3 16.1 12 .2 36.0 1 5 . ~ '.8 
• 18 .5 12 .6 46.4 19 .6 '.0 
• 22.2 13.5 &0. 1 29.5 9.3 6 21.0 U .8 BO. l 29.7 9.1 , 18.1 6.9 50.8 3B. l 9.6 
6 15 .7 3.' 59. 8 39 .2 9.6 
9 15.7 
••• 
59.8 39.2 9.' 
10 15.7 3.' 59.8 39.2 9.6 
11 15 .7 3.' 59 .8 39.2 9.8 
R.E.sEAJtCH 13Ul..l.ETJN 664 
" 
15.7 
••• 
59.8 39.2 9.' 
" 
15.7 
••• 
59.8 39.2 , .. 
14 16.1 
••• 
60.6 41.3 10.1 
15 18.3 .. , 68.8 48.6 11.7 
" 
19.8 ... 75.2 49.1 12 .1 
17 21.3 U 80.4 55.0 13.4 
18 21.0 ... 78.2 57.9 13.9 
" 
22.7 .., 85.5 58.5 14.2 
20 25. 1 ' .7 96.5 59.4 14.8 
" 
25. 1 '.7 96.5 59.4 14.8 
" 
25. 1 '.7 96.5 59.4 14.8 
" 
23.7 '.2 90.1 58.9 14.5 
24 24.0 ••  91.6 59.0 14.5 Growth Period 453.7 151.7 1575.9 978.4 252.4 
25 n,5 ••• 10'1 .5 58,3 15.0 
" 
37.0 , . 149.2 53.' 17.5 
" 
41.7 10.8 169.8 85.3 18.5 
" 
55.2 15.1 229.6 70.1 21.6 
29 64.1 18.6 259.8 IOU 29.0 
30 62. 8 15.7 251.8 112 .5 30.5 
31 51.5 12 .8 205.5 95.1 25.5 
32 " .. 13 .8 115.2 95.1 26.0 
" 
62.4 18.2 2$3 .7 98.0 27.8 ,. 65. 1 18.9 265.0 103 .1 29. 1 
" 
86. 1 17.2 269 .3 103.4 29.4 
" 
10.1 18.4 288.8 105.8 30.4 
" 
31. 4 9.9 146.2 18.9 20.3 
" 
45.3 11.2 180.1 85.5 22.8 
" 
84.0 11.1 263.7 91.1 26.8 
.. '13.5 19.8 303.9 100.8 30.0 
41 85. 1 23.3 3~.8 106.0 32.9 
., 
.U 23.2 352.7 105.8 32.8 
.. 82.8 22.8 343.9 I OU 32.3 
.. 69.3 18.3 284.3 102.8 29.7 
45 69.8 18 .4 286.1 104.8 30.2 
46 58,4 14.8 235.2 10j}.5 27.6 
47 51.4 13.4 2(1g.g " .. 22.7 
httenlng Period 1379.3 380.1 5524.1 2133 .8 608.3 
Gnnd Total 1833.0 511 .8 B OO.O 3112.2 860. '1 
Steer 580 
1 ,., 
••• 
15.0 2.' 2.1 
2 10.5 1.6 21.1 '.1 2.8 
3 15.2 0.' 38.2 20. 1 ,.. 
4 19.8 U 50.0 30.2 10,4 
• 23.2 1.' 60.7 39.6 12.9 
• 23.6 2.2 60.3 38.7 12.8 7 20.6 2.' 57.$ 43.6 12.8 
• 21.1 4.0 53.9 44. 5 lU , 21.1 4.0 5$.9 44. 5 12.6 
10 21. 1 4.0 53.9 44. 5 12.6 
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U 21.1 4.0 53.9 « .• 12.8 
12 21.1 4.0 53.9 44 .5 12 .6 
" 
:n.t 4.0 53 .9 44.S 12.6 
14 21.4 '.9 59.2 .... U.4 
" 
24 .6 '. 5 69.0 5'1 .2 15.5 
16 27.3 5.' 85.7 63.0 15.8 
" 
24.6 ... 86.5 74.4 15.5 
18 24 .0 4.2 78.3 62. 1 16.6 
" 
26.6 5.0 86.9 62 .8 17.2 
20 27.5 5.6 93.6 62.5 17.6 
21 26.4 5.7 95.0 60.5 17 .6 
" 
26 .3 5.' 95.3 60.4 17.4 
23 24 .7 5. 1 88.4 59.9 17 .1 
24 24.6 ' .0 84 .7 61.9 11.1 
" 
24.S '.0 84.7 61.9 17 . 1 
" 
22.8 3.7 85.8 65. 1 15.7 
27 23.4 3.8 92.8 73.2 16.2 
28 24.7 ' .0 97.3 77.8 17.2 
29 24.7 4.0 97.3 77. 8 11.2 
30 25.5 ' .3 100.6 77.3 17. 3 
31 26 .0 '.7 101 .4 75.3 17 .1 
32 29. 1 5.2 112.9 72.4 19.2 
33 34.9 6.5 135 .4 74.5 21.8 ,. 32.9 '.1 127.6 '12.0 20.9 
" 
30.5 5.5 I n.4 68.8 19.8 
" 
28.0 4.8 un .a 67 .9 19.2 
Growth P er iod 853.5 150.8 280'1.4 1909.0 536.4 
37 35.8 6.' 140.7 75.8 22.2 
" 
58.8 12.7 240.6 88.S 28.8 
39 66.'1 14.9 276.2 90.S 30.6 
40 74.2 16 .7 307.'1 99.7 33.8 
., 80. '1 18.6 336.8 100.3 !IS. 1 
42 86. 1 21.2 362.4 98.0 35.0 
" 
83.6 18.7 388.8 95.9 33.9 
.. 53.0 10.2 2UI.0 86.9 23.6 
.. 38.4 '.6 14'. ' 53.3 18.3 
.. 50.3 9. 1 201.1 60.3 21.8 
., 55. 1 10. 1 223.4 62.4 23. 1 
.. 55.8 12.4 227.3 71.9 24.2 
49 61.0 14.7 247.2 72.3 25.2 
50 68. 1 16.2 270.8 70.9 25.8 
51 61.9 15.6 251.8 55.6 21.9 
FattenlnlJ P er iod 927.5 2M.3 3818.S 1240.1 403.3 
Grand Total 1781.0 355. 1 6625.9 3149.1 939.' 
Steer 588 
1 7.8 6.5 14..5 2.1 2.0 
2 10.5 1 •• 20.9 4.9 '.8 
3 16.2 0.9 38.1 20.1 7.4 
4 19.5 1.4 49.3 29.5 10.2 
5 23.2 1.8 80.7 39.6 12.9 
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• 23.9 2.3 60.8 38.7 12.8 , 20.6 2.' 55.3 43 .6 12.6 
• 21.1 '. 0 53.9 44.5 12.6 , 25. 1 .., 63.9 52.8 15.0 
10 25.4 ... 64.6 53.4 l S,J 
11 24.0 '.5 61.0 50.5 14.3 
12 21.1 '. 0 53.9 44.S 12.6 
13 20.3 3.9 54.7 43 .7 12.4 
14 20.7 3.8 57.4 49 .0 13.0 
15 24. 1 ••• 67.7 56.1 15.0 
" 
26.8 5.2 83.2 61.5 15.5 
" 
24.0 ' .3 .4.3 n.l 15.0 
18 25.4 ... 80.2 67.1 17 .8 
19 27.3 .. , 88.0 67.6 18.3 
20 29.3 5.9 99. 1 67.6 18.9 
21 27.8 6.0 100.5 65 .4 18.9 
22 27.8 5.' tOO.9 65.2 18.8 
23 25.1 5.2 69.9 61.1 17.5 
28 24.6 '. 0 84.7 61.9 17.1 
25 24.5 3.' 84.1 61.9 17.0 
" 
21.0 3.2 11.3 64 .5 15.2 
" 
22.1 3.' 88.0 67.1 15. 0 
26 23.8 4.1 95.8 67.7 15.4 
29 23.8 •. 1 95.8 67 .7 '15.4 
30 24.6 ' .3 98 .0 70.4 16.0 
31 26.0 .., 102.4 75.3 17.1 
32 24.6 '.8 97 .0 55.3 14.9 
33 28.2 5. ' 109.9 58.4 17.3 ,. 35.6 6.' 136.7 74.5 22.0 
35 32.7 5.9 125.9 73.6 21.2 
36 31.8 5.6 122.4 73.4 21.0 
" 
29.5 '.9 112.7 n.6 20.4 
39 28.4 8.6 106.1 72.2 20.1 
39 30.3 5.1 116.5 72.9 20.6 
80 30.5 5.1 117.5 n.9 20.7 
81 33.7 ' .0 131.6 74.1 21.4 
82 36.9 '-' 146.1 78.2 22.4 
43 35.4- '-' 140.2 79.7 22.2 
.. 38.9 .., 145.2 n .7 22.7 
45 41.9 .. , 151.3 70.7 22.9 
" 
39.4 6. 2 139.8 69.7 22.2 
., 35.4 5.3 121.0 68.2 21.2 
" 
32.2 5.9 114 .1 79.0 21.6 
89 30.8 5.2 104 .4 86.7 23.1 
50 30.4 5. 1 102.3 87.0 22.9 
51 24.9 '.2 84.1 71.2 18.7 
Grand Total 1358.8 239.0 4657.5 3099.3 659.6 
26 MISSOURI AGRICULTURAL EXPIlRIMENT STATION 
Uve WeIght 645473 553846 562918 469an 2653:'0 
Blood 24730 20371 22103 18946 11630 
Heart, pericardium and arteries 7507 4935 4345 3869 2068 
Lungs 3719 2908 2957 2558 1610 
Trachea 467 .., m 454 367 
Larynx 340 249 
'" 
254 195 
BraIn 397 449 39' 463 m 
Spinal Cord 245 m 835 318 
'" Tongue, marketable 1701 1538 1774 1297 1057 
Tongue, base 1034 
'" 
'08 481 
'" Tongue, bones 99 ". 535 88 " Gullet 794 481 508 89' 508 
Stomachs 11952 1180'1 11680 11441 762 1 
Rumen '409 7185 6178 6378 3443 
Reticulum 1170 880 882 no 
'" Omasl,uu 2712 2622 3497 3103 2472 Abomasum 1660 1120 1034 1234 880 
Intestines, small 4500 3511 2513 3016 2014 
Intestines, l.a.rge 2962 2431 2553 2155 2300 
Gall Bladder H3 91 
" 
100 64 
Ga!l 200 91 245 154 
" Urinary bladder 
'" '" '" '" 
216 
Penla 4<0 408 200 240 254 
Diaphragm 1166 1025 1465 18' m Neck, sweetbread 426 
'" 
390 454 ", Heart, sweetbread 467 499 236 288 50 
Liver 6024 4568 5361 5076 1960 
Spleen 1391 744 88' 694 399 
Pancreas 
'007 440 463 '40 250 
Kidneys 1052 907 1089 907 540 
Calli fat 17654 9934 14G61 10192 
Stomach fat 9634 3874 6123 "04 Intestinal fat 20711 17599 14742 11689 
Hide and hair 40408 39018 38555 35552 16102 
Horns 240 
Hoof. 1488 1252 1515 1078 
'" Dew Claws 240 230 227 452 380 Teeth 708 599 5" 568 500 
Right fore foot and hoof 2327 1996 2032 2098 1431 
Lett fore foot and hoof 2291 1950 2041 
RlglIt hind loot and hoof 2282 1760 2005 1851 1524 
Left hind foot and hoof 2368 1878 2000 
FQreqllllrter, right 102138 86636 90718 76203 30572 
HindqUllrter, right 95254 80753 80966 66451 2n15 
Left half 200487 111911 17355 146056 57788 
Intestine, small, length (ems.) 309' 3773 3570 3573 3492 
Jntestlne , tarle, len(th. !cms.) 
'" 
932 9" .64 897 
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Descr ll!:lion o f Saml!:le Animal ture F>< fen teln 
'" 
I!:hor us 
,m. • • • • • • Steer 520 
Blood 24730 78.85 0.00 3.31 20.68 0.78 0.03 
Cir culatory system 7507 33.56 58.62 1.23 7.66 0.44 0.08 
Ruplratory system 3719 79.76 2.41 2.59 16. 19 1.01 0.18 
Nervous system 
'" 
69.07 14.28 1.1$6 10.35 I." 0.43 Digestive It excr etor y 
system 26448 73.72 12.24 2.03 12 .71 0.82 0. 14 
Sweetbr eads, heart " 
neck 
'" 
55 .51 30.95 1.97 12.39 1.23 0.30 
Llyer ,,>4 88.2 5 2.53 3. 17 19 .81 1.38 0.38 
Spleen 1388 68.73 12.94 2.66 16.63 1.23 0.23 
Panerea. 1007 39. 47 48.82 1.55 9 .71 0.79 0. 19 
Kidneys 1052 76.98 5.38 2.46 15.39 1.1 6 0.24 
Offal ru 47998 '.07 90.90 0.20 1.24 0.09 0.02 
Hide&: hair 40408 61 .32 6.34 5.44 34.01 0.89 0.06 
Hor n, hoof Cr. dew 
claw, 1969 45.3 1 0.59 8.20 51.23 4.28 0.65 
Head Cr. taU, lean " 
'o! 4568 53.38 30.42 2.49 15.56 0.76 0. 13 Flank Cr. plate, lean" 
'o! 73467 38.52 50. 10 1.80 11.27 0.52 0.09 Rump, lean" rat 998 1 43.43 43. 15 2.03 12.70 0.58 0.10 
Chuck" neek, lean" 
", 78829 58.48 24.22 2.80 16.28 0.82 0.15 Round, lean 52898 71.95 5.57 3.27 20.41 0.98 0.19 
Round, fat 10859 18.76 75.85 0.87 5.41 0.28 0." 
Loin, lelln 36069 68.25 10.26 3.11 19.81 1.00 0.19 
loin, fat 23351 11.15 84.81 0.60 3.77 0.23 0." 
Rib, lean 21418 63.23 16.91 2.70 16.87 0.89 0.16 
Rib, rat 10015 11 .79 84.58 0.72 4 .50 0.24 0.114 
Shin" 'ha.nk. lean" 
'" 
12945 65.75 13.7B 3.38 21. 14 0.88 0. 15 
Kidney fat 11222 4.39 94.66 0.18 1.11 0.07 O,ol 
Skeleton of feet, head 
" tall 17979 42.91 12 .12 3.41 21.34 21.58 3.88 Skeleton of shin It 
.""ok 12510 29.43 19.58 3.55 22.18 27.85 5.03 
Skeleton of rlank " 
plate 9172 43.50 16.13 3.24 20.23 17 .70 3. 14 
Skeleton of r ump 2772 28.92 24.S4 3.2 3 20.20 24. 63 4.57 
Skeleton of chuck " 
neck 15440 35.84 17.83 3.50 21.87 22.85 4.01 
Skeleton of round 7548 27.74 29.S. 2.84 17.74 22.32 4.44 
Skeleton of lo in 7421 29.33 24.79 3.17 19 .78 25.49 ' .50 
Skeleton of r ib 5915 31.02 18.05 3.51 21.95 29.01 5. 19 
Teeth 
'" 
22.5'1 0.33 2.D< 12.89 61.80 11.78 
28 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Steer S87 
Blood 20371 80.56 0.00 2.99 18.69 0.83 0.03 
Clrclll.a.tory system 4935 44.00 45.30 1.61 10.08 0.62 U.12 
Respiratory system 3375 81.73 2.56 2.80 18.27 1.03 0.19 
Nervous syste m m 73.25 12.24 1.74 10.66 1.74 0.43 
Digestive I: excretory 
system (partial) 22562 76.34 10.53 1.97 12.30 0.91 0. 15 
Sweetbreads 53' 38.13 53.54 1.17 '1 .29 0.82 0.36 
Liver 4566 70.78 3.89 3.14 19.85 1.27 0.33 
Spleen , .. 77.74 3.89 2.72 15.98 1.52 0.27 
Pancre;t$ 440 54.74 29.38 1.88 11.73 0.92 0.22 
Kidneys go, 78.61 5.41 2.27 14.18 1.09 0.21 
Offal fat 31407 10.41 87.30 0.19 1.19 0.13 0.01 
Hide &. hair 39018 62.75 6.70 5.03 31.34 1.03 0.05 
Hoof " dew caws 1488 47.63 2.11 8m SO.<>I 2.10 0.16 
Head &'tall, lean" 
<0, 5668 59,35 23.64 2.51 15.69 0.75 0.12 
Flank &. plate, lean" 
'" 
~7651 41.88 46.45 1.81 11.29 0.51 0.09 
Rump, lean & fat 8809 45.59 42.50 1.96 12.23 0.62 0.10 
Chuck, neck, lean &I 
, .. 69780 61.27 19.99 2.71 16.91 0.86 0.16 
Round, lean 39807 72.97 5.33 3.21 20.05 0.88 0.15 
Round, fat 7239 24.75 68.12 1.30 8.12 0.36 0.03 
Lo1l1, lean 34954 68.25 11.62 3.05 19.06 1.01 0.19 
loin, fat 18053 10.52 87.16 0.49 3.05 0.27 0.04 
Rib, lean 18035 64.55 15.80 3.10 19.37 0.88 0.16 
Rib, fat 8292 14.02 81.51 0.73 4.56 0.24 0.03 
Shin &I shank, lean &I 
, .. 10278 66.64 12.34 3.10 19.37 0.99 0.16 
Kidney, fat 13272 3.70 95.42 0.16 1.99 0.08 0.01 
Skeleton, feet, head 
&I tall 14896 43.90 10.09 3.30 20.63 23.00 4.22 
Skeleton, shin" 
""ok 10160 29.26 19. 55 3.37 21.06 29.13 5.35 Skeleton, flank &I 
plate 6n8 44.67 12.79 3.42 21.36 18.26 3.23 
Skeleton of rump 2322 32.08 22.28 3.33 20.83 23 .35 4.2 1 
Skeleton of chuck «< 
neck 12637 37.52 15.79 3.51 21.9 1 21.67 4.09 
Skeleton of round 
(Incl. marrow) 5724 28.15 27.88 2.38 17.99 24.2 5 4.50 
Skeleton of loin 6758 29.99 25.36 3.13 19.57 23.77 4.41 
Skeleton or rib 4881 30.79 14.94 3.54 22.13 30.14 5. 50 
Teeth 
'" 
26.62 00.05 1.98 12.40 58.46 11.10 
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TABLE 17 (Continued) 
wi. In Mols- Crude Nltro- Pro- PhOs-
Deserlftton of Samfle Animal ture Fa, Jan tein "h fb;)ru$ 
,m. % • • • • • 
Steer 583 
BIoo<t 22 104 79.87 0.00 3.42 21.38 0.68 0.14 
Circulatory sjlstem 4345 40.36 50.31 1.68 10.50 0.51 0.10 
Ruplratory system 2957 77.65 3.23 2.79 17.44 1.03 0.20 
Nervous system 1220 63.17 21. 19 1.77 11.06 1.98 0.44 
OIJestive "- excretor y 
Iyltems (partial) 21832 76.74 .. " 1.96 12 .25 0.95 0.15 
SWeetbreads '26 50.93 37.21 1.84 11. 50 1.23 0.30 
Liver 5362 69.21 1.98 3.14 19.83 1.36 0.33 
Spleen 889 73.98 , ... 2.84 17.75 1.36 0.25 
Pancreas 4" 52.38 32.69 1.93 12.06 1.01 0.24 KIdney. 
"" 
78.66 7.75 2.2 1 13.81 1.00 0.20 
Offal fat 38851 8.23 90.88 0.24 1.50 D." 0.02 
Hide" hair 38556 63.07 5.40 5.15 32.19 0.80 0.06 
Hoof .. dew claws 1742 45.94 2." 8.5 1 53. 19 1.12 0.17 
Hel.d .. un, lean "-
'" .. " 
56.85 26.75 2.69 16.81 0.74 0.14 
Flank" plate, lean" 
'" 
64420 37. 85 52.61 1.64 10.25 0.51 0. 10 
Rump, tean Cr. fat 10805 46.90 39.51 2.00 12.50 0.65 0.13 
Chuck .. neck, lean "-
'" 
67668 ..... a.71 1.01 6.31 0.76 0. 15 
Round, lean 3115118 69.49 8.02 3.28 20.38 0.115 0. 18 
Round, fat 7670 21.15 70.78 1.62 10. 13 0.29 D.D< 
Loin, lean 23342 85.37 a . 11I 2.92 18.25 0.90 0. 18 
Loin, fat 23780 11 .50 85.69 0.51 3.19 0.14 0.03 
Rib, lean 20249 60.59 20.71 2.58 16.13 0.84 0. 17 
Rib, fat 7058 12.01 84.41 0.87 4.19 0.28 D.D< 
StEin " thank, lean" 
'" 
13408 65.57 a .2 1 3.00 18.75 11.85 0.15 
Kidney, fat 14297 4. 48 94.79 0. 18 1.13 0.08 0.02 
Skeleton, head, feet 
" tall 15785 46.99 11.54 3.27 20.44 20.25 S.62 Skeleton, shin "-
."''''' 
10660 30.39 18.00 3.52 22.00 29.58 5.36 
Skeleton, flank "-
plate 6995 40.84 18.61 3.00 19.38 19.97 3.57 
Skeleton of r ump 2776 29.43 25.88 3.24 211.25 24.21 4.29 
Skeleton of chUCk Cr. 
neck 11857 33.39 17.79 3.40 21.25 26.92 4.8 1 
Skeleton of r ound 
(Including marrow) 5734 28.69 30.39 2.02 12.83 22.84 4.20 
Skeleton of loin 664 ' 26.84 25.00 3.21 20.06 27.35 4.90 
Skeleton of rib 5198 32.17 16.34 3.47 21.69 28.98 5.16 
Teeth 
'" 
4.86 1.03 2.59 18.19 81.27 13.98 
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TABLE 17 (Continued) 
Wt. In Mots- Crude Nitro- Pro- PtlOs-
DeserlJ!tlon of Sam!!le Animal lure ,.., s:en teln Allh I!horu$ 
gm. .. .. .. .. .. .. 
Steer :>80 
Blood 18946 77.97 0.00 3.44 21.46 0.67 0.03 
Circulatory system 
Respiratory system 1208 59.31 26.36 2.19 13.H 0.89 0.16 
Nervous system 
Digestive &. eltCretory 
systems (partl;!.l) 
SWeetbreads 
Live r 28095 75.37 6.97 2.33 14.56 0.97 11.18 
Spleen 
Pancreas 
Kidneys 
Offal fat 28885 10.76 87.83 0.24 1.52 0.16 0.02 
Hide" hIllr 35552 80.69 7.94 5.49 34.33 1.25 0.06 
Hoof" dew claws 1533 43.23 1.93 8.93 55.81 1.48 0.21 
Head &. ta\!, lean "-
,., 
Flank" plate, lean" 
'" Rump, lean &. fat 135338 50.85 34. 62 2.32 14.51 0.56 0.14 
Chuck" neck, lean & 
'" Shin" shank, lean" 
,., 
Round, lean 71.59 8.43 3.28 20. 52 1.07 0.20 
Round, fat 19.28 76.47 0.95 5.96 0.28 0.04 
Loin, lean 66.60 12.87 3.30 21.62 0.98 0.18 
Loin, fat 11.54 85.42 0.74 4.60 0 .23 0.03 
Rib, lean 63.24 17.10 3.01 18.81 0.93 0.17 
Rib, fal 14.21 81.46 0.93 5.83 0.31 0.0< 
Kidney, fat 3.86 95.57 0.17 1.07 0.10 0.01 
Ske le ton, feet, head 
" tall 
Skeleton, flank" plate 
Skeleton, r~tllp 47078 32. 87 19.34 3.32 20.75 25.02 4 .44 
Skeleton, chuck" 
.oc, 
Skeleton, shin" 
,ba"" 
Skeleton, ["(:lund 
(Including marrow) 5334 30.50 29.56 2.63 16.50 21.28 3.63 
Ske le ton of loin 5616 27.92 22.66 3.41 21.37 26.34 4.85 
Skeleton of rib 4318 30.17 16.41 3.46 21.63 29 .66 5.32 
Teeth 50' 4.44 1.46 2.30 14.38 78.41 14.27 
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TABLE 1'1 \Conthuled) 
WI. In Mols- Crude Nitro_ Pro- pllO. -
Descri2tion of Samele Animal tur e 
'" 
s: en le!n Aoh 21!o rul 
,m. • • • • • • 
Steer !iSIS 
Blood 111S30 81.83 0.00 2.81 17.56 0.64 0.2 1 
Cir<:ula.tor y system 
Respiratory system H 8G 71.99 11.28 2.54 15.88 1.02 0.18 
Nervou, .y.tem 
DIgestive & excretor y 
systems (partial) 
Sweetbread, 
Live r 17858 80.87 2.88 1.38 8.50 0.86 0.12 
Spleen 
Pancru.. 
Kidneys 
Ollal [at 2962 47.45 43 .62 1.i3 '-'8 0.59 0.05 
Hide & hair 16102 88.51 0.50 5.53 34.56 1.13 0.06 
Hoof & dew elaws 10<' 43.77 0.43 9.23 57.69 1.67 0.35 
Head" tali, lean" 
10, 
Flank" pate, lean &. 
, .. 
Rump, lean & fat 45141 73.92 5. 13 3.06 19.13 0." 0.18 
Chuck, neck, lean" 
101 
Shin" shank, lean & 
101 
Round, lean 17808 77.61 1.48 3. 14 19.63 0.99 0.18 
Round, loin & rib fat 3565 44.62 43.33 1.68 10.50 0.60 0.07 
loin, lean, tenderloin 
Incl . 12356 76.58 2.48 3.10 19.38 0.99 0. 19 
Rib, lean 5860 75.78 3.15 2.99 18.69 0.98 0.17 
Kidney, fal m 19.68 74.44 0.77 4.81 0.38 0.06 
Skeleton, leet, head 
" ta ll Skeleton, .hin & 
... "" 
Skeleton, Uank & 
piate 32981 42.01 10.15 3.70 21.13 23.27 4.14 
Skeleton, rump 
S\l:eleton, chuck" 
,~. 
Larynl[, tongue bone 
" windpipe 
Skeleton of round 
(Including mlr row) 4336 32.68 26.73 2.89 18.06 20.82 3.69 
Skeleton of loin <0" 38.65 15.51 3.43 21.44 23.16 4.18 Skeleton of r ib 33 11 43 .22 8.35 3.88 24.25 22.69 '.0< 
Teeth <9, 4.37 1. 17 2.17 13.56 80.32 14.45 
